Abstract. Forty soil samples from forests and other biotopes in Germany and the Czech Republic were studied for the presence of entomopathogenic nematodes using the Galleria bait method at the same time as a sieving-decanting method for direct extraction of infective-stage juveniles. Five Steinernema species were recovered from the samples from Germany and four species from the samples from Czechia. All five species were recovered with both methods, but the baiting technique was generally less effective and mixtures of species were frequently undetected. The direct extraction method provided quantitative estimates of infective-stage juvenile density but no information on their infectivity or on morphological characters of adults, and nematode cultures could not be established.
The baiting technique with larvae of the greater wax moth, Galleria mellonella (L.), is the method most commonly used for recovering infective-stage juveniles of entomopathogenic nematodes from soil (Bedding and Akhurst 1975, Mráček 1980) . The efficiency of this method had been increased using several consecutive baiting rounds (Fan and Hominick 1991) and by baiting at two temperatures (Mráček and Bečvář 2000) . Methods commonly used for extraction of terrestrial nematodes from soil samples were shown to provide better quantitative estimates of infective-stage juveniles of entomopathogenic nematodes (Curran and Heng 1992) . However, in most surveys to estimate the natural occurrence of steinernematids and heterorhabditids, the live bait technique with Galleria traps has been applied. Only exceptionally have methods of direct extraction of infective-stage juveniles from soil been used on a large scale (Sturhan 1996 (Sturhan , 1999 . Obvious differences in results obtained with both methods appear to indicate that certain species of Steinernema and Heterorhabditis may be "overlooked" with Galleria baiting so that while G. mellonella is one of the most susceptible hosts, it cannot be used universally for recovering all species of entomopathogenic nematodes. For example, Steinernema scapterisci Nguyen et Smart, 1990 develops poorly in Galleria larvae (Nguyen and Smart 1990) .
In the present study, soil samples from sites where several Steinernema species had been found, were used to compare the efficiency of the Galleria baiting method with that of direct extraction of infective-stage juveniles from the soil. The steinernematids included the species S. intermedium (Poinar, 1985) and Steinernema sp. B, which had been rarely or not at all recorded in surveys based on the Galleria bait technique (Hominick et al. 1995 , Miduturi et al. 1997 ), but were commonly recovered using methods of direct extraction from soil (Sturhan 1999, Sturhan and Lišková 1999) .
MATERIALS AND METHODS
Thirty soil samples were taken in five small forests at the western border of the town of Münster, Germany, in April and May 1999. Ten samples originated from one forest and five each from the other four forests (Table 1 ). The prevailing trees at the five sites, which were located over a distance of 3 km, were Quercus robur, Fagus silvatica and Carpinus betulus. Each sample of about 1000 ml of soil consisted of four subsamples taken from the upper 30 cm soil layer around the stem of a single tree, mostly from oak. Another ten soil samples of approximately the same volume each were collected in April 1999 in the South Bohemian basin close to the village of Kardašova Řečice from deciduous forests, solitaire tree stands (oak, lime, birch, spruce, pine) and meadows. Each bulk sample consisted of five soil cores taken at each habitat. For the laboratory tests, each soil sample from both countries was mixed and divided into two parts. One part was used for the baiting method and the other for direct isolation of the nematodes from soil.
For the baiting studies, two 250 ml subsamples of each soil sample were placed in Petri dishes (13.5 cm diameter, 1.7 cm depth) and kept in incubators at 15 and 22°C, respectively. The G. mellonella larvae used as baits were each set in a small iron mesh pocket at the bottom in the centre of each Petri dish. FOLIA PARASITOLOGICA 47: 315-318, 2000 Mortality of G. mellonella was assessed after 5 days. Dead Galleria larvae were divided in two batches. One was dissected to obtain adult nematodes of the second generation while the second batch was used for culturing on a water trap to obtain infective juveniles. "Negative" soil samples and samples with nematode infection, but without successful maturation of adults and development of new juveniles, were exposed repeatedly to fresh Galleria larvae. Adults and infective juveniles were heatkilled in Ringer's solution and fixed overnight in TAF fixative, transferred to permanent glycerin mounts, and then identified under a light microscope using morphological characters.
For the second series of samples, a sieving-decanting method was employed with final isolation of the nematodes from the sieving debris using a Baermann funnel with cotton filter. For this method, which is commonly applied for the extraction of plant-parasitic and soil nematodes (Southey 1986 ), 250 ml soil each was used. The nematode suspensions obtained were fixed, checked for the presence of entomopathogenic nematodes using an inverted light microscope, and the number of Steinernema specimens was determined. Species identification was mostly done at high microscopical magnification using morphological characters of the infective-stage juveniles (Sturhan in Hominick et al. 1997, and unpublished) .
RESULTS
Infective-stage juveniles of Steinernema were present in all five sampled forests in Germany (Table 1) . Of the total of 30 samples, 23 contained entomopathogenic nematodes. Among the 10 samples from the Czech Republic, 7 were positive for steinernematids (Table 2) . Five Steinernema species were identified in the samples from Münster: S. intermedium, S. affine (Bovien, 1937) , S. kraussei (Steiner, 1923) , S. feltiae (Filipjev, 1934) 
* Number of specimens in 20 ml of soil. 
samples the direct extraction method yielded steinernematids that had not been recovered by the baiting method (Table 1, sample 16; Table 2 , samples 2 and 9). In these three samples the Steinernema population densities were low. For 11 of the 23 positive samples from Germany, the direct extraction method revealed the coexistence of two Steinernema species within the same sample (Table 1, nos. 1, 4, 6, 9, 10, 11, 16, 22, 26, 27 and 28) , with a similar observation for one of the samples from the Czech Republic (Table 2 , no. 5). The presence of several Steinernema species within a soil sample was only occasionally shown using the baiting method (Table 1 , samples 9 and 11), but was documented for 30 % of the samples by direct extraction (Tables 1 + 2) .
DISCUSSION
From the results obtained in the present study it is evident that all five Steinernema species are recoverable from soil using the baiting technique with Galleria mellonella larvae. This is in contradiction to common experience (Spiridonov, Ehlers and others, pers. comm.) that species such as S. intermedium and the undescribed Steinernema sp. B could not be recovered using Galleria baiting from soil samples from which numerous infective juveniles had been isolated by direct extraction. And there is also the fact that, e. g., S. intermedium and Steinernema sp. B, which are among the most common steinernematids recovered in Germany by direct extraction, have been only rarely or not at all found in neighbouring countries in surveys done by the baiting technique. It is still an open question if there are differences in the "suitability" of Galleria larvae as a bait and that, e. g., species such as S. intermedium and Steinernema sp. B are only rarely recovered using Galleria as a bait. Results given in Table  1 for samples 22, 26, 27 and 28 appear to indicate this, but this is not supported by the data obtained for sample no. 1, in which S. intermedium was recovered by Galleria baiting but not S. kraussei. Mainly due to the fact that species mixtures were mostly not detected with the Galleria traps, the number of records of each Steinernema species is considerably higher for direct extraction from soil than for the live bait technique (Table 3) . Low Steinernema population densities were "overlooked" in several cases with the baiting technique, despite the two soil subsamples used per site had about the double volume of those used for direct extraction. It is well known that not all infective-stage juveniles present in a soil sample can invade a bait and raise infections at any time (cf. Fan and Hominick 1991) .
The results show that the presence of entomopathogenic nematodes in soil is best evaluated by methods of direct extraction of the infective-stage juveniles from soil samples, that probably all Steinernema (and Heterorhabditis) species will be recovered using such methods, that mixtures of species can easily be detected and that precise estimates of population densities are possible. When the nematode suspensions extracted from soil samples are fixed, a careful microscopical analysis is possible any time. The application of this method, however, requires experience for detection of entomopathogenic nematodes in suspensions of, possibly, several thousand of soil nematodes. Hence, this method requires more labour per sample compared to a bioassay. Also, good knowledge on identification of species based on morphological characters of the infective-stage juveniles is required. Using the baiting technique, males will generally be available to support or enable species identification and this method will also usually result in living laboratory cultures for consecutive studies. While direct extraction reveals only the presence of entomopathogenic nematodes in soil, the bait method demonstrates their infectivity. Hence, the method used depends on the objectives of a survey, and no single method is without some limitations or compromises (Hominick et al. 1996) .
